Abstract-The spontaneous formation of small-area bistable lasing spots is observed at different positions within the aperture of a broad-area VCSEL with frequency-selective feedback. These spots can be switched on and off with an incoherent injected field. They are interpreted as spatial dissipative solitons. Approaches to model these devices are presented and first results on the occurrence of localization are reported.
Recent years showed remarkable progress in achieving, controlling and understanding of bistable soliton-like emission states, which are usually referred to as cavity solitons (CS), in semiconductor microcavities [1] [2] [3] [4] . They are discussed as 'bits' for future all-optically and potentially massively parallel information processing schemes. Currently realized schemes rely on a passive or active semiconductor microcavity driven by a broad-area holding beam (HB) of high spatial and temporal coherence [1] [2] [3] [4] . This HB and its frequency detuning with the vertical-cavity surface-emitting lasers (VCSEL) cavity resonance induce bistability, a necessary condition for the appearance of CS. We are following a different approach for a self-sustained cavity soliton laser pumped only by incoherent means and investigate a VCSEL with frequency-selective feedback, therefore removing the need of a HB and simplifying the scheme. Such a device would support bistable self-localized emission states purely by electrical pumping. Previous theoretical analysis showed that this system exhibits bistability between the non-lasing off-state and lasing states [5] , a potentially suitable situation for CS.
EXPERIMENT
The experiment is based on broad-area bottom-emitting VCSELs. It emits at 980 nm, and is electrically pumped through a 200 µm circular oxide aperture. The experimental apparatus is shown in Figure 1 . The external cavity includes two lenses and a holographic grating in a Littrow configuration and is adjusted to be self-imaging in order to keep the high Fresnel number of the VCSEL. The grating frequency was chosen to coincide approximately with the longitudinal resonance of the VCSEL cavity below the solitary laser threshold. With a careful alignment of the feedback from the grating, several bistable spots appeared spontaneously in the near-field. Their switch-on and switch-off are abrupt, and their bistability range on the order of several mA. The spot size is about 10 µm. Frequency spectra of one spot demonstrated that it can operate on a single longitudinal mode, with a 10 MHz linewidth and 10 dB side lobe attenuation. These spots can exist at many though not all positions within the aperture and seem to be pinned by local defects in the near-fields, such as defects lines or other local inhomogeneities in the active layer.
Thereafter we examined the possibility of switch-on and switch-off of these localized emissions with an injected field, or writing beam (WB). The beam of a tunable laser was shaped to obtain a 20 µm beam waist onto the VCSEL, and its wavelength adjusted to be near the grating wavelength. Two of the spontaneously appearing spots were chosen, at locations away from the near-field boundaries and defect lines. The VCSEL was biased to be within the bistability range of these two spots. Figure 2 displays near-field intensity distributions during the experiment. The spots switch-on could be obtained by applying the WB directly onto the spot locations, while for the switch-off the WB is slightly misaligned to be located 10-15 µm away from the spots. We note that both switch-on and switch-off are incoherent processes, as the WB and spot frequencies do not need to be identical. This makes the scheme robust which is appealing for applications.
Figure 2: Near-fields showing the successive switch-on of two spots with an injected incoherent field (brightest spot), and their switch-off. The later is accomplished by injecting the WB beside the spot locations. a) Both spots are off, b) injection of WB, c) one spot was switched-on and stays, d) injection of WB at another location, e) second spot switched-on, f) WB injected beside the first spot, g) first spot was switched-off and does not reappear, h) injection of writing beam to switch-off the second spot, i) second spot remains off.
MODELING
Based on previous models for freely-running broad-area lasers [6] and small-area lasers with frequencyselective feedback [5] a model was developed which allows for the treatment of feedback effects in broad-area lasers. The model is based on a complex equation for the dynamics of the intra-cavity light field taking into account the finite width of the gain curve and a real equation for the carrier dynamics. Delayed feedback is taken into account on the level of a single round-trip in the external cavity (so-called Lang-Kobayashi approximation). The stability of the non-lasing off-state versus spatially homogeneous and inhomogeneous perturbations was analyzed. As expected there is bistability (actually multistability) between the off-state and different homogeneous lasing states (corresponding to the one found earlier in [5] ), if only homogeneous states are considered. However, it is found also that the off-state is unstable versus inhomogeneous perturbations, i.e., pattern formation. Hence no stable localized states are expected. In order to re-establish a bistable situation, a spatial Fourier filter was introduced in the feedback loop, which suppresses the instability of the off-state to all spatial perturbations except for a certain wavenumber. In this situation a traveling wave extending over all the aperture is found if the simulations are started from noisy initial conditions. If this solution is used as a localized seed on an otherwise zero background for parameters where the background is linearly stable, localized states are obtained in numerical simulations. The localized states have the form of a patch of a traveling wave pattern embedded in the zero background solution. Both rotational symmetric and asymmetric states are obtained depending on the exact initial conditions. Current investigations are directed at clarifying their properties in dependence on parameters and the connection between the experimental and the numerical observations.
Further research is directed on a more detailed modeling of the cavity structure including the intracavity optical elements. This is possible by master equations approach [7] taking into account the ABCD matrix of the optical system. Consideration of the effects of misalignment (including deliberately-introduced asymmetric elements such as gratings) necessitates an extension of the usual ABCD matrix methods, typically based on 3 × 3 matrices [8] . Application of this approach to the experimental system is ongoing.
CONCLUSIONS
We demonstrated the existence of small-area bistable lasing spots in a frequency selective feed-back scheme. These could be switched on/off with an incoherent injected field. These spots seem to possess all properties expected from cavity solitons, though we caution that the possible role of material defects in localization needs to be addressed by future studies.
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